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design phases can be distinguished based on the 
characteristics as follows: 
• C1 … Cm: Conceptual system design 
• Cm+1 … Cn: Domain-specific embodiment design 
• Cn+1 …Co: System-level integration 
Hence if the characteristics that have to be changed are 
determined it is also determined to which design phase the 
iteration has to return. If the characteristics that have to be 
changed are determined in the current design phase only 
micro-iterations are necessary. Otherwise the designer has to 
go back to earlier design phases resulting in macro-iterations. 
At this point the cycle shown in Figure 4 starts again on the 
specific design phase. This procedure is repeated until 
criterion 1 is fulfilled. 
4. Discussion 
The foundation for the simulation-based design 
methodology is set by a process model which has been 
presented in [6], but which is still rather generic and abstract. 
In order to develop a framework, including methods and 
processes, a more sophisticated description of the process is 
necessary. The CPM approach offers a formalized description 
of the product based on characteristics and properties. These 
two factors are essential during analysis-synthesis-cycles in 
design and hence play an important role in simulation-based 
design, which is based on various analysis-synthesis-cycles 
during product development. 
The adaption of Analysis Milestones on a CPM-based 
description makes the contents of the AMS more clearly. At 
the same time, a criterion for the fulfillment of an AMS can 
be directly derived (see equations (2) and (5)) and can be used 
to manage iterations. The process steps related to those 
iterations have been described. With the assumption that 
characteristics are enumerated according to the time of their 
definition, it is possible to directly determine the stage in 
design to which the iteration has to go back. Nevertheless it is 
questionable whether this assumption is applicable in design 
which still has to be proven. Particularly if design changes 
occur this sequential numbering is not possible anymore 
which has to be handled. 
Furthermore a quantitative description of the confidence 
factor and the related modeling and simulation conditions is 
only shown on an abstract level. A reliable rating of those 
factors has to be derived from real scenarios and real tools and 
techniques. 
5. Conclusion and further work 
In this paper, the CPM approach by Weber has been used 
to describe a simulation-based design process and related 
methods. 
On a more abstract level the CPM approach has proven 
successful and promising for detailed description of processes 
and methods. Nevertheless the discussion has shown that the 
applicability of the approach still has to be proven which 
means that the framework has to be evaluated on a realistic 
scenario. The application of the framework presented is 
currently being validated on the example of an active 
suspension for bicycles which will be published in future 
work. 
Furthermore a matrix-based method is currently being 
developed which is intended to support designers in the 
choice of suitable analysis techniques. This method is also 
based on the description of the framework through the CPM-
approach. 
References 
[1] Pahl G, Beitz W, Feldhusen J, Grote KH, Wallace K, Blessing L. 
Engineering Design – A Systematic Approach. London: Springer; 2007 
[2] Rajarishi S, Vei-Chung L, Paredis CJJ, Khosla PK. Modeling and 
simulation methods for design of engineering systems. J Comput Inf Sci 
Eng 2001; 1:1 84–91 
[3] Shephard MS, Beall MW, O'Bara RM, Webster BE. Toward simulation-
based design. In: Finite Elem Anal Des 2004; 40:12 1575-1598 
[4] Dohr F, Vielhaber M. Enabling simulation-based mechatronic design by 
shifting of activities. In: Proceedings of the 9th Norddesign. Aalborg: 
Center for Industrial Production, Aalborg University; 2012 
[5] Dohr F, Vielhaber M. Toward simulation-based mechatronic design. In: 
Marjanovic, D, Štorga, M, Pavkovic, N, Bojcetic, N, editors. 
Proceedings of the 12th International Design Conference – DESIGN 
2012, Dubrovnik: University of Zagreb/The Design Society; 2012 
[6] Dohr F, Vielhaber M. Process model for simulation-based mechatronic 
design, In: Proceedings of the ASME International Design Engineering 
Technical Conferences and Computers and Information in Engineering 
Conference (DETC2013), New York: American Society of Mechanical 
Engineers; 2013 
[7] Weber C, Werner H, Deubel T. A different view on Product Data 
Management/Product Life-Cycle Management and its future potentials. J 
Eng Design 2003; 14:4 447-464 
[8] Weber C. CPM/PDD – An Extended Theoretical Approach to Modelling 
Products and Product Development Processes, In: Bley, H, Jansen, H, 
Krause, FL, Shpitalni, M, editors. Proceedings of the 2nd German-Israeli 
Symposium on Advances in Methods and Systems for Development of 
Products and Processes, Stuttgart: Fraunhofer-IRB-Verlag; 2005. p. 159-
179 
[9] Weber C. Improving Product Development by Design-for-X (DfX) 
Support. In: The Future of Product Development – Proceedings of the 
17th CIRP Design Conference. Berlin: Springer; 2007 
[10] Weber C, Werner H. Klassifizierung von CAX-Werkzeugen für die 
Produktentwicklung auf der Basis eines neuartigen Produkt- und 
Prozessmodells, In: Design for X: Beiträge zum 11. Symposium. 
Nürnberg: Friedrich-Alexander-Universität Erlangen-Nürnberg; 2000. 
p. 126-143, 
[11] VDI Verein Deutscher Ingenieure. VDI guideline 2206 – Design 
methodology for mechatronic systems. Düsseldorf: VDI-Verlag; 2004 
[12] Gero JS, Kannengiesser U. The situated function–behaviour–structure 
framework. Des Stud 2004; 25:4 373-391 
[13] Ullman DG. The Mechanical Design Process. New York: McGraw-Hill; 
2010 
[14] Wall J. Simulation-Driven Design of Complex Mechanical and 
Mechatronic Systems. Disseration. Karlskrona: Blekinge Institute of 
Technology; 2007 
[15] VDI Verein Deutscher Ingenieure. VDI guideline 3633 – Simulation of 
Systems in Materials Handling, Logistics and Production. Düsseldorf: 
Beuth; 2000 
[16] Sargent RG. Validation and verification of simulation models. In: 1999 
Winter Simulation Conference Proceedings. Piscataway, New York, San 
Diego: I.E.E.E. Press, Association for Computing Machinery, Society 
for Computer Simulation International; 1999 
